Introduction

S
uicide is a major public health problem worldwide, 1 and this is particularly so in Japan. Since 1998, suicide rate in Japan ($24 per 100 000) has been considerably higher than the world average ($16 per 100 000). As originally recognized by Durkheim, 2 suicide is shaped by social forces as well as individual characteristics. 3 Previous studies have suggested a range of factors associated with suicide that relate to distal as well as more proximal causes along a hypothetical aetiological pathway to suicide. [4] [5] [6] [7] [8] [9] Given this complex, multidimensional aetiology, there is an interest in investigating inequalities in suicide in terms of individual socioeconomic position as well as varying social contexts.
At the contextual level, socioeconomic conditions seem to be strongly associated with suicide in Asian countries. 7 A systematic review of the association between suicide and socioeconomic characteristics of geographical areas showed that studies from Asian countries, compared with research from the West, were more likely to have found a significant association between adverse socioeconomic conditions and increased suicide rates. 10 For example, an ecological study from Japan, which examined causespecific mortality differences across socioeconomic position of municipalities, showed that socioeconomic inequalities in regional mortality of suicide increased from 1973-77 to 1993-98 in both sexes. 11 Despite the cumulative evidence of an inverse association between area socioeconomic position and area suicide rates, however, it is necessary to tease apart area-level associations into its constituent compositional effects vs. contextual effects (or attributes of the physical structure and social relations within those areas). 10, 12 Thus, the evidence so far does not necessarily implicate any contextual effects of the area over and above the characteristics of residents.
A recent study from Japan showed a striking temporal change in the pattern of social inequalities in suicide among men and that geographical inequalities in suicide have considerably increased across 47 prefectures, primarily among men, since 1995. 13 It remains unclear, however, what is driving the growing geographical inequalities in the nation. In this study, we sought to examine temporal changes in the associations between prefecture-level economic conditions and completed suicide, controlling for individual composition in each prefecture. We hypothesized that there are growing contextual effects of area socioeconomic conditions on suicide risk, which contributed to a corresponding change to the widening geographical inequalities in suicide in the nation.
Methods
Data
Suicide mortality data were obtained from the 'Report of Vital Statistics: Occupational and Industrial Aspects', 14 which is compiled by the Ministry of Health, Labour and Welfare every 5 years, coinciding with the Population Census. Cause-specific mortality data have been available since 1975. In the death notifications, respondents are asked to fill in the decedent's occupation at the time of death. 15 In the Vital Statistics, suicide was coded according to the International Classification of Disease (ICD) as follows: ICD-8 codes: E950-E959 in 1975; ICD-9 codes: E950-E959 in 1980 to 1990 and ICD-10 codes: X60-X84 in 1995-2010. Occupation at the time of death is recorded for each decedent following the Japan Standard Occupational Classification. 16 During the study period, the occupational classification scheme underwent five revisions (Supplementary table S1 ). In this study, we used the fourth revision of the Occupational Classification, which includes the following 11 groups: (i) specialist and technical workers, (ii) administrative and managerial workers, (iii) clerical workers, (iv) sales workers, (v) service workers, (vi) security workers, (vii) agriculture, forestry and fishery workers, (viii) transport and communication workers, (ix) production process and related workers, (x) workers not classifiable by occupation and (xi) non-employed. (A full description of each occupational group is available on-line. 16 ) Note that the group 'non-employed' includes the unemployed as well as the non-labour force (e.g. homemakers, students and the retired). We restricted the analysis to those who are aged 25-64 years to exclude students and the retired. The total number of suicides was 87 553 men and 34 599 women (Supplementary table S2) .
Denominator data for the calculation of suicide rates were obtained from the Population Census that has been conducted by the Ministry of Internal Affairs and Communications every 5 years since 1920. 17 In the Census questionnaire, occupation is assessed by the following question: 17 'Description of work-Describe in detail the duties you are assigned to perform'. One questionnaire is delivered to every household, and one person in each household completes it on behalf of the household members. We used 'production process and related workers' as the referent category because they were the largest occupational category across the majority of the time periods (Supplementary table S3) .
For each of the 47 prefectures, we measured two economic conditions-average economic well-being and dispersion. These conditions have been often used in previous studies of the association between suicide and socioeconomic characteristics of geographical areas. 10 By using the 'National Survey of Family Income and Expenditure', 18 which has been conducted by the Ministry of Internal Affairs and Communications every 5 years since 1959, we obtained three prefecture-level variables; average yearly income and average savings were used to measure average economic well-being, while Gini coefficient for yearly income was used to measure economic dispersion (Supplementary table S4 and Supplementary  Figures S1-S3 ). These variables were calculated among two-ormore-person households (including children). We decided to use these variables because they are the only available indicators throughout the study period. The Gini coefficient for yearly income has only been available since 1979; therefore we imputed the values of 1979 to 1974. We linked the data set of prefecture-level variables to the data set of the Population Census and the Vital Statistics one year out, e. 
Analysis
The data had a three-level structure of 33 012 cells for men and 32 979 cells for women at level 1, nested within 8 years at level 2, which were nested within 47 prefectures at level 3. The 8 years comprised 1975, 1980, 1985, 1990, 1995, 2000, 2005 and 2010 . Each year had a maximum of 88 cells (8 5-year age groups Â 11 occupational groups). Note that the number of suicides in each cell was recorded during one fiscal year (which in Japan runs from April to the end of March of the following year).
We employed multilevel statistical procedures because of their ability to model complex variance structures at multiple levels. 19 The unit of analysis was 'cells', and our models were structurally identical to models with individuals at level 1. 20 The response variable, proportion of suicide deaths in each cell, was modelled with allowances made for the varying denominator in each cell. First, we conducted a three-level analysis as an overall model for each sex, with cells at level 1, years at level 2, and prefectures at level 3. In this model, the prefecture-level economic condition for each year was entered as a level 2 variable separately, which allows us to examine the associations between prefecture-level variables and suicide risk while adjusting for individual age, occupation and time trends. The prefecture-level variance was used as an estimate of geographical inequalities in suicide. The importance of measures of between-area variation has been emphasized for a better understanding of the socio-spatial patterning of health. [21] [22] [23] [24] Subsequently, to examine possible temporal changes in the associations between prefecture-level variables and suicide risk, we also conducted a twolevel analysis, with cells at level 1 and prefectures at level 2 for each year separately. As a sensitivity analysis, we simultaneously entered average yearly income/savings and Gini coefficients into the overall and year-specific models.
To fit multilevel binomial logit link models, we used Bayesian estimation procedures as implemented via Markov chain Monte Carlo methods by using MLwiN 2.27. 25, 26 We used default diffuse priors for all the parameters. We obtained maximum likelihood estimates for starting values of the distribution, then 500 simulations as discarded burn-in, then 50 000 further simulations to get the distribution of interest. Based on the mean as well as the 2.5th and 97.5th percentiles of the posterior distributions, odds ratios (ORs) and 95% credible intervals (CIs) for suicide were obtained. With regard to prefecture-level variance, we calculated median ORs (MORs). 27 The MOR is always !1. If the MOR is 1, there is no variation between prefectures. If there is considerable betweenprefecture variation, the MOR will be large. The measure is directly comparable with fixed effects ORs. A P-value of <0.05 (two-sided) was considered statistically significant. Table 1 shows the results of sex-stratified associations between prefecture-level economic conditions and suicide risk, adjusting for individual age, occupation and time trends. Among men, average savings at prefecture level were inversely associated with suicide risk in the overall model (OR in low vs. high savings: 1.13, 95% CI 1.05-1.21). No clear patterns were observed for the other variables. Among women, we found no clear associations between prefecture-level economic conditions and suicide risk.
Results
When we further examined the associations in year-specific models, however, we found a remarkable increase in the associations between prefecture-level average income/savings and suicide risk among men. Although average savings were not associated with suicide risk in 1975, an inverse association emerged in 1980, followed by a steady strengthening of the association until 2005 (especially since 1995). The association was attenuated in 2010. We found a similar pattern between average yearly income and suicide risk among men. In women, we also found that both average income/savings were inversely associated with suicide risk for most of the period since 1985. Overall, however, the findings for women were less consistent than those for men and we did not observe significant associations in 2005 or 2010. In both sexes, we found no clear association between Gini coefficients and suicide risk throughout the study period. When we simultaneously adjusted for Gini coefficients and average income/savings, no substantial changes were observed (data not shown).
In table 2, we show MORs from the overall model and the yearspecific models. Even after adjusting for individual age and occupation, we observed a remarkable increase in geographical inequalities in suicide among men. Including average savings as a covariate somewhat reduced the MORs. Among women, the increasing trend in geographical inequalities was less clear and we observed rises and falls of the MORs, including two spikes in 1985 and 1995. Unlike men, even when adjusting for prefecture-level variables, we observed no substantial changes in MORs. When we simultaneously adjusted for Gini coefficients and average income/savings, the results were similar to those of the corresponding models without adjusting for the Gini coefficients (data not shown).
Discussion
By applying the novel multilevel methods, we examined the associations between two prefecture-level economic conditions and suicide risk from 1975 to 2010 in Japan, while adjusting for varying individual composition in each prefecture. To provide a comprehensive perspective, the data of this study are census based and cover the whole of Japan. The present findings suggest that average savings at the prefecture level are inversely associated with suicide risk among men, even after adjusting for individual age, occupation and time trends. In contrast, no clear patterns were observed with average income or income inequalities. Meanwhile, among women, we found no clear associations between prefecture-level economic conditions and suicide risk in the overall model. Notably, we found dramatic changes in the associations between prefecture-level average income/savings and suicide risk throughout the study period, while adjusting for individual occupation by using the consistent classification. Although these collective material resources of an area were not associated with suicide risk among men in 1975, inverse associations emerged in 1980, followed by steady strengthening of the association until 2005 (especially since 1995). At the same time, we also found a notable widening of geographical inequalities in suicide among men, especially since 1995. Thus, the present findings suggest that among men, the link between low area socioeconomic status and suicide risk preceded the emergence of geographical inequalities in suicide by $15 years. A previous study from Japan showed that, while adjusting for individual age and occupation, all six prefectures in the Tohoku region (the northeastern region of the main island of Honshu) and Niigata prefecture (a neighbouring prefecture to the Tohoku region) have the highest suicide risk, whereas some prefectures in the Kanto, Kinki and Chugoku regions (central or western districts of the main island) have the lowest suicide risk. 13 Overall, the economic conditions of the predominantly rural areas in the region may be characterized by population decline, population ageing and lower per capita income. 17, 28 We thus a posteriori hypothesize that the contextual effect of low socioeconomic characteristics of areas on suicide is (at least partially) a driving force behind the growing east-west inequalities in suicide of the nation.
Among women, we found that both average income/savings were inversely associated with suicide risk for most of the period since 1985 (i.e. 5 years behind men). Overall, however, the findings for women were less consistent than those for men, implying that the contextual effect of area socioeconomic characteristics on suicide could be limited among women in terms of magnitude and duration. This finding may explain the less prominent increase of geographical inequalities in suicide among women. Our findings suggest that the degree of geographical inequalities among women only slightly increased in 1985 (i.e. after the second economic crisis of 1980-83) and 1995 (i.e. after the collapse of the asset bubble in the early 1990s).
We used prefecture-level income inequality as a measure of the scale of social stratification 29 and found no clear associations with suicide in either sex. Although most studies have reported no association between income inequalities and suicide risk, 10 two ecological studies from Japan reported that, unlike other OECD countries, national-level income inequality increases suicide risk in Japan, suggesting that temporal fluctuations in the suicide rate can be partly explained by an increase in income inequality.
30,31 Our findings, however, suggest that these previous findings from Japan are more likely to be a rediscovery of the relationship between income and suicide. We should note that the measures of prefecture-level economic conditions in this study provide only truncated information about the context of areas. 32 As has been noted, 10 the association between area socioeconomic characteristics and suicide could differ depending on the socioeconomic measures. More importantly, although a recent paper from Japan implied that occupation is a strong determinant of the suicide risk, 13 we lacked information at the individual level on the socioeconomic variables measured at the prefecture level, i.e. household income and household savings. Therefore, we cannot fully rule out the possibility that the present findings reflect the emerging associations between individual-level socioeconomic status and suicide risk throughout the study period. If the assumption that the confounding structure has not changed over time is violated, a careful interpretation is needed when comparing ORs across models. On a related issue, there is a possibility that excluding single-person households underestimates the true extent of income inequality. Despite the variation in the share of single-person households across prefectures, however, we believe that this does not substantially influence our conclusions because we used tertiles of prefecture-level economic conditions in the analysis.
There are other limitations of this study. First, the smallest geographical unit available was the prefecture, and we could not explore some potential contextual processes that operate at smaller level of aggregation. Further analysis using different area units would lead to a better understanding of the causal processes involved in the potential contextual effect(s) on suicide-if suicide mortality is strongly dependent on characteristics of the immediate physical and social environment as well as psychological and behavioural attributes, then contextual factors of smaller area units would be more desirable, e.g. social capital. [33] [34] [35] In contrast, the prefecture may be a useful and valid unit of analysis because it has direct administrative authority over the economic, education and health sectors. 36 Furthermore, the prefecture has specific jurisdiction over health centres, which are the loci of preventive health care activity. 36 Second, there are concerns about the quality of cause-of-death coding and the completeness of the ascertainment of suicide cases. 37 However, death registration is mandatory in Japan and all death certificates are signed by medical doctors. If the death is certified as a suicide, the police must be notified and suspected suicides need to be examined by a qualified medical pathologist. All death certificates are sent to the Ministry of Health, Labour and Welfare and coded for National Vital Statistics. Thus, we believe that the quality and completeness of suicide mortality data in this study are reliable. Indeed, the quality of mortality data in Japan is rated as level 1 (best quality) by the Department of Measurement and Health Information of the World Health Organization. 38 Besides, considering that the numbers of deaths classified as undetermined intent were relatively low (Supplementary table S5 ), the present findings are less likely to be influenced by misclassified suicides.
Third, we should note that this study findings do not necessarily apply to the pattern of inequalities in parasuicide or suicidal ideation. It is important to realize that despite some similarities, 39 suicide attempters and completers in Japan would have significant demographic, personality and clinical differences. 40 Previous suicide attempts or deliberate self-harm are regarded as very important risk factors for completed suicide 9 and thus, from a perspective of preventive medicine, it would be beneficial to examine the trends in parasuicide and suicidal ideation within the nation.
Finally, we restricted the analysis to those who are aged 25-64 years to exclude students and the retired. Although we used the data about occupation at the time of death, this may not necessarily reflect the individual's life-course socioeconomic position.
These findings suggest that emerging contextual processes associated with low area socioeconomic status are driving forces behind the growing geographical inequalities in suicide in Japan (primarily among men). In contrast, economic dispersion does not apparently influence the risk of suicide mortality in either sex. Indeed, the influence of individual social class on the risk of suicide cannot be overemphasized. 12 Considering the growing contextual effects of area socioeconomic characteristics, however, suicide prevention resources should focus more on communities of a relatively lower socioeconomic level.
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